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SECTION | — DISCUSSION OF 1SSUES AND HISTORICAL SOLUTIONS

Chapter One: Overview and Tutorial

Introduction

In past years, the connection of subscribers to a cable
system was a simple matter of a matching transformer
and, occasionally, a splitter to feed a second set. The FCC
set up straightforward rules governing the technical
specifications of the signal at the interface that would
assure adequate quality reception. Recently, however, this
interface has become very complex with the consumer
electronics industry and the cable industry each trying to
offer customers new features and solutions to problems
caused by last year’s new features. Increased tuning
ranges, multiple premium service levels, remote controls
and stereo sound, for instance, have all added to the
interconnection problem.

The most dramatic development in home video equip-
ment has undoubtedly been the video cassette recorder
(VCR). To the consumer it offers much more than the
capability of playing back pre-recorded tapes. It also offers
the capacity for time shifting, recording material at will,
simultaneous access to material on different channels, and
numerous special effects that can be applied to recorded
material, including “zapping” of commercials. Not only
the cable industry, but the broadcasters and movie theaters
have been drastically affected by its widespread market
acceptance. )

Of all the new consumer electronics developments, the.

VCR presents the greatest challenge to the cable television
technical community. Most VER’s contain their own
tuners, VHF modulators and a means for time-
programming to allow unattended recording of a series of
events on different channels. Connection to a cable system
in such a way as to not lose any of these features is not
simple! .

This document will discuss problems of consumer equip-
ment interconnection in detail, the technical requirements
for a solution, and approaches to solutions using both
discrete components and integrated switching syvstems. It
is hoped that cable system operators will find the material
useful in training of technical personnel and that manufac-
turers will find it useful as an aid to specifying designs for
new consumer video products.

Scope of the Subcommittee’s work
In January of 1985, the NCTA Engineering Committee

proposed forming a subcommittee to examine short-term
solutions to consumer interconnection issues. This effort

was intended to complement the work of various other .

industry groups which are outlined in Appendix A.
submitted by Walt Ciciora who chairs the EIA/NCTA Joint
Engincering Committee and who has long been an industry
leader in such matters, and by Judson Hofmann who served
on the EIA Home Bus Committee. A few of these other
groups are:

® The EIA/NCTA Joint Engincering working groups which
are attempting to better define the electrical characteristics
of the cable/consumer interface as a guide for future
designs and operator practices.

® The EIA Decoder Interface Committee which is specifying
4 “universal” decoder interface jack for television sets and
VCR’s for use by post-detection descramblers.

® The EIA Home Bus Committee which is studying various
communication needs within the home, including control
of television equipment.

At its meeting in March, the subcommittee narrowed the
scope of its investigation to the issues related to: VCR’s,
“Cable-Ready” television sets, Second sets in a single
household, RF switching equipment, and Set-top descram-
blers.

Issues which were not considered, at least at this time,
were two-way systems, off-premises equipment, stereo
sound and baseband audio and video interconnections. Of
these, the latter may be the most significant since many
VCRs, an increasing number of TVs, and some converters
contain such connections and they may be used in ways to
both improve picture and sound quality and overcome some
of the interconnection problems.

Aside from the switching features of various interconnec-
tion schemes, a major consideration is overall shielding
effectiveness. Ingress from strong local television and
communications radio stations may seriously degrade cable
signals while egress from subscribers’ terminal equipment
will add to cable operators’ leakage woes. Section I, chapter
three, submitted by Joe Van Loan of Viacom, is a detailed
treatment of those issues.

Acinowledgements

One paper in Section II, chapter three dealing with
master-slave descramblers was authored by James Cherry
and Tony Chen-tung Li and was presented earlier as an
NCTA technical paper.

Obviously a great deal of work went into the illustrations
of this document. We are indebted to Pan King of Jones
Intercable for the diagrams in Chapter two and to Gloria
Cook of Gill Cable for the bulk of the remaining artwork
and for manuscript preparation and numerous editing
sessions.

Although not individually noted, many members of the
subcommittee and of the NCTA Engineering Committee
made suggestions which have been incorporated with the
intent of increasing the accuracy and readabilitv of the
tinal product.

Acronyms, Abbreviations

CSR customer service representative
di3 decibel
dBmV a signal level measurement expressed

in decibels relative to T millivoit
rms in a 75 ohm svstem



g EIA

i

Electronic Industries Association

FCC Federal Communications Commission
FM - frequency modulation
IR infrared
MHz ' megahertz
MSO multiple system operator
nm nanometer
0Osl open system interconnect
POS position

Review of FCC Technical Standards

A major part of the FCC’s technical rules for cable
television (Part 76, Subpart K) are related to specifying the
characteristics of the signal presented to the customer’s
television set. The principal ones that concern us here are:
¢ The signal level (75 ohm) shall be a minimum of 0dBmV
but below “overload” level. '
® The signal level of adjacent channels shall be within 3
dB and all channels shall be within 12 dB.
® The visual carrier-to-noise ratio shall be greater than 36
dB.
® The level of intermodulation products shall be at least
46 dB below visual carrier level.
® The leakage of cable signals shall be less than 15
microvolts/meter as measured at 100 feet and, in the range
from 54 to 216 MHz, shall be less than 20 microvolts per
meter as measured at 10 feet.

Note that, although these requirements (except for
signal leakage) apply only to broadcast signals and are no
longer enforceable at the federal level, they still have a
sound technical basis.

These rules were promulgated imr=a much simpler time
when “subscriber terminal equipment” meant one, or
perhaps two, television sets whose tuning ranges were
limited to the standard broadcast channel allocations. In
recognition of a changing situation, the EIA/NCTA Joint
Engineering Committee has drafted a Proposed "CATV
RF Specification for Television Receiving Devices™ which
is currently in the approval process by the parent
organizations. This standard would augment the FCC rules
to the following degree:

e In order to prevent front-end receiver overload, the
maximum video carrier level should be limited to +20
dBmV.

# Channels using the same frequencies on different cables
of dual cable systems should have the RF carriers phase
locked together to reduce the visual effects of co-channel
interference. Levels of equivalent channels should be
matched within 5 dB.

® Any video equipment which is designed to “loop-
through” the RF carrier {(such as a VCR’s "bypass’ mode)
should have a loss of less than 5 dB.

® Any RF selection switches contained in video equipment
should have an isolation of at least 70 dB through 216 MHz
and 60 dB above that.

® Any video equipment with an RF input port should meet
the requirements of Part 76 with respect to the re-radiation
f cable signals and should. further, have a non-visible

level of picture degradation when operated in external
fields of up to one volt per meter from local VHF television
stations.
® In recognition of the splitting losses required for multiple
terminal equipment. cable systems are advised that in
future designs. levels of at least +5 dBmV should be
provided at the first terminal equipment connection point.
Although these latter requirements do not have the force
of law, even if accepted by the organizations involved, they
are a fair representation of the performance levels that will
be required in today’s complex home video environment.

Technical Requirements for a Solution

A simple off-air connection of a VCR and television set
is shown below. This connection allows for simultaneous
multichannel access, timed recording of events on different
channels, and tape playback, all without any switching of
cables. More elaborate installations may allow for tape-to-
tape copying, FM receiver interconnections, external sound

| Out In
VHF

VHFIn

VCR

amplification or additional video sources.

The ideal solution for cable operators would allow the
greater programming selection of cable without adding
cost, picture degradation or operating complexity and
without loss of features or an increase in signal leakage.
None of the solutions presented here meet all of those
requirements, though all present partial solutions which
may be adequate in specific situations.

Before considering overall solutions, individual compo-
nent requirements will be examined:

Switching isolation:

In a typical non-cable installation, the output modulator
of the VCR is set to a channel that is not used by a local
broadcast station. Since that removes any possible co-
channel interference situations, switch isolation does not
have to be particularly high. A typical cable connection,
on the other hand, will very likely have a cable channel,
the converter output and the VCR output all on the same
channel, usually channel 3 or 4. Furthermore, none of these
sources are locked together. Under those situations, it is
necessary to assure that the ratio of desired to undesired
video carriers be at least 65 dB at the input port of any
demodulating device. Since the levels of the various sources
will tvpically be within a 10 dB window, a conservative
specification for an RF selection switch’s on-off insertion
loss ratio would be 75 dB at frequencies at or below channel
4. Should one of the input sources be an external antenna,
the variation in ¢xpected signal ranges would be higher
and the suggested specification is 80 dB through 216 MHz,




which is still below the specified performance of A-B
switches used by the cable industry today. At other
frequencies, generally the only co-channel situation occurs
when selecting cables in a multi-cable system. If the
opposing channels are phase-locked together an on-off ratio
of 60-70 dB is adequate to assure non-degraded reception
and to preserve the A-B isolation of the distribution svstem.

Losses and Amplification:

Although practices vary, many cable systems have been
designed to deliver signal levels in the 0 to +3 dBmV range
since that is adequate for simple television connection and
higher levels add to the cost of plant construction and
increase amplifier cascades.

Assuming a noise-free transmission network, the maxi-
mum attainable equivalent video carrier to noise ratio is:

C/N = 59 — NF + Level

where: C/N is the ratio of a noise-free incoming video
carrier to the sum of thermal and internal noise sources
measured in a 4.0 MHz bandwidth, NF is the terminal
equipment noise figure in dB, and Level is the carrier level
at the input terminals in dBmV.

Thus, if a converter has a noise figure of 11 dB and is
driven with a 0 dBmV signal, the maximum attainable C/N
is 48 dB. The noise of the signal processing equipment and
transmission system will combine with this noise to
determine the final video signal to noise ratio. If the
terminal signal level is below 0 dBmV, the maximum
attainable noise perf ormance will vary accordingly and the
converter will play an increasingly large part in deteroo-
mining overall noise level. Aside from FCC requirements,
0 dBmV was chosen as a compromise such that, in general,
subscriber terminal equipment is not the dominant factor
in total noise contribution.

In addition to the detrimental viewing effects of excess
noise, low signal levels may interfere with proper operation
of addressable devices and operation of teletext decoders
and similar equipment. Typically, such equipment is
specified for proper operation down to 0 dBmV only.

Thus, switching and splitting networks which result in
more than minimal losses to the signal paths can result in
noisy pictures at least and possibly improper operation of
such devices as addressable descramblers. How much loss
is too much will depend on drop levels in any given system.

To the extent that losses cannot be minimized by
innovative circuit design, they may be overcome by
amplifiers placed in some of the input or output ports of the
switching network or, in some cases, by selectively
changing customer tap levels or replacing RG-59 drop cable
with RG-6. Section I, chapter one discusses more thor-
oughly the tradeoffs involved in adding amplification to
such networks.

Shielding Requirements:

Any subscriber interconnection network should meet
the requirements set forth in the proposed EIA/NCTA
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guidelines. Section !, chapter threc deals with the
mechanisms involved and methodology for minimizing
both ingress and egress. Under current FCC regulations,
cable operators have responsibility for total leakage of
cable signal from their franchise areas even though some
of the leaking equipment may be subscriber-owned. These
requirements are detailed in FCC rule paragraph 76.611
as amended October 26, 1984 and are commonly known as
Composite Leakage Index or CLIL.

In discrete-component arrangements of splitters and A-B
switches, the major contributor to leakage is liable to be the
quality of F-connector installation and the tightness of the
fittings. Such factors should be considered if the operator
chooses to let the subscriber take the major responsibility
for installation of networks.

Packaged networks generally have fewer external con-
nections, but the added requirement of total shielding over
the switching components. While Federal rules regarding
the signal leakage requirements for various classifications
of subscriber terminal equipment are currently under
review, some currently available networks are rather
poorly shielded.

In any case, operators should educate both customers and
installers as to the importance of good connections. Aside
from external leakage and ingress considerations, poor
shielding and leaky cables will detract from the isolation
of non-selected RF sources and cause co-channel interfer-
ence.

Security Factors:

Much of the dissatisfaction with the connection opt.ionst
offered to customers by cable systems is related to
converter/descramblers. They are used to convert a spec-
trum of input channels to a common output channel and to
descramble selected premium services. The problem is that
they only deliver a single channel at a time so that
recording one channel while watching another is impossi-
ble, particularly if both channels are scrambled.

Some of the solutions that are being considered address
this issue by using multiple descramblers to simulta-
neously deliver all subscribed services. While this may
offer subscriber convenience the operator should evaluate
potential revenue losses due to:
® Second descramblers offered at reduced rates being
transported to other subscribers homes as primary units.

e “Backyard” interconnects with multiple descrambled
services delivered to non-subscriber’s homes or apartments
by coaxial cable.

e (Cost associated with more elaborate descrambling
hardware.

Chapter Two — A/B Switch Solutions

Discussion

The lowest cost and easiest to implement method of
overcoming some of the feature limitations of converter/
VCR interconnections is through the use of A-B switches
and splitters. The advantages are that typically both ure
available to the operator with excellent specifications and
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at relatively low cost. Also, they may be arranged in a
variety of ways to solve specific situations.

On the negative side, even relatively complex networks
do not give all the desired flexibility while the array of
unjabeled, identical. A-B switches is both messy und
confusing for the subscriber and can result in the loss of
remote control capabilities. In addition component signal
losses can degrade system performance.

Given the readv availability on the market of good.
integrated switching networks for reasonable prices, we
would expect that the use of discrete switching networks
will decline rapidly. A packaged switching network which
follows the suggested configuration of Section II is superior
in nearly every respect to any of the discrete networks
discussed below.

Below is a summary of possible configurations together
with a summary of the capabilities of each to allow a logical
choice to be made for a particular situation. The material
presented was gathered from submissions by over 20
MSO’s, independent operators, and manufacturers. Al
Kernes of Jones and a working group of the Denver-based
subcommittee members took on the task of redrafting the
diagrams from the submitted suggestions.

How to use this guide

The 27 illustrations included in this chapter are ar-
ranged (for the most part) in ascending order of complexity.
The first few installation set-ups depicted are the least
expensive to install and the easiest for a subscriber to use.
Unfortunately, the configurations that are least likely to
confuse subscribers are the same ones that can limit the
subscribers’ ability to take advantage of features in their
televisions or VCRs. Some subscribers may prefer to lose
some remote control or VCR flexibility in favor of
simplicity of operation, others may not. The selection guide
summarizes installation trade-offs. .

You will need to keep these factors and their relative
importance in mind when choosing a configuration:
® simplicity of operation
® ability to use TV or VCR remote control (all illustrations
allow for use of a converter remote control
® ability to use timed, multi-channel, multi-event VCR
feature
® total signal attenuation (i.e. if your system levels are
near 0 dBmV and the installation diagram calls for a
four-way splitter, vour subscriber will get snowy pictures)
® number of Aigh-quality A/B switches (yielding 70 to 80
dBs of isolation at minimum) needed
® ) dBmV is assumed to be the minimum input level for a
converter
® mid-UHF converters may not translate all super-band
channels to UHF
® VCRs in bypass require high drop levels

Notes on [llustrations — equipment, drop level, signal
leakage considerations.

L. Some TV sets are shown with 300 ohm input terminals,
others with direct coaxial inputs — either input terminal
tvpe is acceptable as far as the diagrams are concerned.

1-7

2 If direct connection to external antenna systems is part
of the installation scheme, operators have to keep potential
signal leakage in mind and avoid same with proper A/B
switch quality and iselation. Read chapter three in this
section — “Ingress/Egress Discussion” before attempting
anv cable TV installation.

3. If three-way splitters are used. note that the dot in the
illustration’s splitter denoted the higher level output leg,
assuming one leg at -3.5 dB and two legs at -7.0 dB. If the
splitter has equal splits or is hooked up differently, the
minimum acceptable drop signal level will need to be
increased.

4. Where only one input and output cable is shown for a
VCR, it is intended to designate the VHF terminals.

5. Presence of cable compatible TVs and VCRs are assumed
in “no-converter” hook-ups.

6. It is assumed that most converters do not have a timed
channel selection scheme. :

7. Only illustration #14 shows two TV sets; other
connections can accommodate two TV sets by the addition
of a 2-way splitter at the drop.

Background on Terms used in Tilustrations’ Text

ALLOWS — assumes that simultaneous TV and VCR use
(to a greater or lesser degree of access to a
full-range of paid-for cable programming) is
the subscriber’s aim

ANY CHANNEL — “any” = whatever channels a
subscriber’s home equipment (TV, VCR,
converter) is capable of receiving and that a
subscriber has paid for

SCRAMBLED — a signal that requires a descrambler

NON-SCRAMBLED — a signal that is never scrambled;
sent in the clear

OFF-AIR - channels received via an external TV antenna,
not delivered via “over-the-wire” cable TV
service

CABLE CHANNELS — any channels delivered via “over-
the-wire” cable TV service that a subscriber
has paid to receive

RECORDING — videocassette recording



Step 1: The first thing to determine (and then locate in the selection guide) is the number of converters needed.
For example: a cable system that uses traps will not need converters in the subscribers’ homes, nor will a basic-tier
subscriber owning a cable-compatible TV and VCR need a converter. The top, left-hand square of the selection guide
says “no converter” indicating that the top row of the guide will list all applicable illustration numbers.

Step 2: The second thing to determine is the desirability of keeping the TV’s or VCR’s remote control feature and
to scan the middle or right-hand columns of the selection guide according to that choice. (All illustrations allow for
use of a converter remote control). For example: if one converter is used and the TV and VCR do not have a remote
control you would look at the rows adjacent to the “one converter” box and find that illustration #s 7, 1, 3, 8 and
10 would all fit these requirements. ,

Step 3: You can also determine the importance of full-range-of-service, simultaneous TV viewing and VCR
recording and find which TV remote control column subset lists the preferred options. For example: if [ wanted to
be able to watch any channel while my VCR recorded either the program I was viewing or a program on another (
channel, I would know that the set-ups in illustrations 18 through22, and 27 would allow that option.

Step 4: Finally, to determine which illustrations do not allow use of a VCR’s timed and sequential multi-channel
recording feature, note which illustration numbers are circled. For example: illustration #21.
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lllustration Selection Guide
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ILLUSTRATION +# 1 ILLUSTRATION # 2

[——‘——— CABLEIN

TWO WAY SPLITTER

CONVERTER
CONVERTER 1 TT
O our L CABLE IN
ouY [ oyt ~
i/ ;; CONVERTER 2
o VCR ’
]
o) VCR
N ouT
TELEVISION SWITCH
MATCHING
TRANSFORMER 6{
MATCHING
TRANSFORMER
Allows: Allows:
* recarding of ANY chamnel, whie viewing the SAME channel « recording of ANY channel, while viewing ANY channel
Precludes: Precludes:
* timed, multichamel, mult J ding (ie. ability w0 program the VCR to record o timed, oulti-channel, multi-evert rccording (ie. ablity o program VCR 1o record a
1 movie oa channel § at 6 p.am., and then a sccond program on channe] 26 at8 pm) mavie ca channel § at 6 p.m., and then & secand program on channel 26 at 8 poz)
o channel selection by the TV mmoe control « channcl selection by the TV remote controt
* channel sclection by the VCR remate control « channcl selection by the VCR remote corarol
NECESSARY DROP LEVEL: OdBmV NECESSARY DROP LEVEL: +1.5d8mVY
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ILLUSTRATION # 3

CONVERTER

TWO WAY SPUITTER

T—_@

CABLEIN

—il

-
—

MATCHING
TRANSFORMER

TELEVISION

N, vHF

for VCRs without bypass circuitry

Allows:
« recording of ANY chamnel, while viewing SAME channel

Precludes:
* Lmed, iti-ch ] (4 nt g (ie. ability to progaz the VCR w© reco
& movic on channel 5 a1 6 pm., mdl}culnecondpmgmonchamnlléx Spm}
e chanrel selection by the TV remote control
+ chanrel selection by the YCR remote control
NECESSARY DROP LEVEL: OdBmV
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ILLUSTRATION # 4

 — CABLEIN

TWO WAY SPLITTER

CONVERTER =

—Il

VCR

TELEVISION

F CONNECTOR

Allows:
« recording of ANY channel, while viewing ANY NON-SCRAMBILED charme!
* *usc of TV remote control for non-scrambied channels (only)

Precludes:
* tmed, Jui-chy 1 l (ie. ability 10 program the VCR 1o record
amovie on channel 5 a1 6 pm., :ndU:nlleca!dpmgnmonchumel 26 a1 8 p.m.)
* channel sclection by tte TV remote control
* reconding of non-scrambled channel while vicwing & non-scrambled charmel
Now: scrambled charmels can only be viewed tirough converter and VCR
NECCESARY DROP LEVEL: +3.5dBmVY




ILLUSTRATION # 5

CABLE IN

D TWO WAY SPLITTER

converTen [ L—Z

VCR
N ?OUT
SWITCH
TELEVISION
MATCHING
TRANSFORMER
VHF
Allows:
* recoeding of (ON'LY) NON SG{AMBLED chnnne] while viewing ANY channel
e timed, (ic. ability to program the VCR to record

lmovuuuduxmclSnSpm mdt}:nlsecmdprogrxmouchmml%:xs;am)of
NON-SCRAMBLED CHANNELS ONLY

e full we of the TV remote comrol—WITII VCR IN BYPASS MODE (+8.5¢BmV drop
level required)

= full use of the VIR remote contral

Precludes:
. di al)f led ch 0l

NECESSARY DROP LEVEL: +3.5dRmV
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ILLUSTRATION # 6

I—— CABLE IN

CONVERTER

SWITCH
TELEVISION
MATCHING
TRANSFORMER
VHF
Allows:

. e viewing of ANY chammcl
* use of the TV remote contral (for NON-SCRAMBLED CHANNELS ONLY)
NECESSARY DROP LEVEL: +3.5dBmV
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ILLUSTRATION # 7

CABLEIN ————o TT VCR
our

CONVERTER

TELEVISION

MATCHING

TRANSFORMER
( (\ & B viF

Alows: '

» rec.x ding of ONLY NON-SCRAMBLED channcls, while viewing ANY channel

« wded, multi-ch 1, Iti ding (ic. ability w program VCR to record a
mve on chanrel 5 a1 6 pam., .nddtn-mndpogmnonchmlzéuSpm)of
OFF-A[R CHANNELS ONLY

1w of the VCR remote control

et sclccuon by the TV remote control
« may oreclude use of conventer’s remole control
NECESSARY DROP LEVEL: 0dBmnV

ILLUSTRATION # 8

CONVERTER ANTENNA

2

P 3
T VCR
w | our
SWITCH

MATCHING
TRANSFORMER
AN
TELEVISION
Allows:
® record of ANY chamel, while viewing THE SAME CABLE chamwl oraNY OYF AR
CHANNEL
Precludes:

« timed, multi-charmel, muli-event recording (ie. ability to program the VCR o recors
2 movic ont chanmel § at 6 p.m., and ten 2 second program on chame! 26 at 8 pmy

» channel selection by the TV remote control

* chanee] selection by the VCR remoe control

Now: requires high-isolation A/B swiich
MNECESSARY DROP LEVEL: OdfimV

-13

i




ILLUSTRATION # 9 ILLUSTRATION # 10

I——— CABLEIN

'”__-u — v‘
oBUe CABLEIN ANTENNA D FM SPLITTER
CONVERTER

—~
~3 STEREO RECEIVER
CONVERTER LA .
N 00 our
/ STEREO
L L7 | ven
SWITCH veR T
-0 Q (o]
N | ouT ™ QOUY AUDIO -
MATCHING
TRANSFORMER - MATCHING
AR TELEVISION TRANSFORMER
AT
TELEVISION
Allows:
o recording of OFF-AIR channel, while viewing ANY OFF-AIR or ANY CABLE charmel Allows:
¢ timed, multi-channel, multi-gvent recording (ie. ability to program VCR to record « recarding of ANY charmel, while viewing THE SAME chamnel
movie on channel § t 6§ pm., and then a sccond program on channel 26 at 8 pm.) of « recording of simulcast audio

OFF-AIR CHANNELS ONLY

« full usc of the VCR remote contral Precludes:

o timed, multi-channel, multi-event rccording (ic. ability o program VCR o record a
mvie vn channel § at 6 p.m., and then a second program on channel 26 a1 8 p.m.)
« chanrel sclection by the TV remoe control

« channel selection by the VCR remote control
NECESSARY DRO?P {.EVEL: +1dBmV

Preciudes:
* chanie! sclection by tte TV remote control

« recording of any cable channel
NECESSARY DROP LEVEL: CdBmV



LRy

ILLUSTRATION # 11
I———CABLEIN

TWO WAY SPLITTER
CONVERTER ==
ouY ™
SWITCH
VCR
N ouT

TELEVISION

-0 F CONNECTOR
VHF

Aliows:

* recording of ONLY NON-SCRAMBLED chavnels, while viewing ANY NON-
SCRAMBLED changel

» recording of scrambled chanoel while viewing same channcl

Also allows (for NON-SCRAMBLED CHANNELS ONLY):
* timed, multi-channel, multi-cvemt recording (ic. abiity to program VCR to record a
movic on channel 5 at 6 pm., and then a second program on channcl 26 at § pm.) of
OFF-AIR CHANNELS ONLY
# channe] sclection by txe TV remote coutrol
« chanrel selectiom by the VCR remare cavtrol
Note: only real bemefit of this comnection appears 1o be use of VCR remote and
independent tmed, multichanne!, multi-event recording

NECESSARY DROP LEVEL: +3.5dBmV

e

ILLUSTRATION # 12

L7

] VCR
CABLE N .—_-—_-AE) ?om

& F cONNECTOR
VHF
TELEVISION
Allows:
* recording of ANY chame!, while viewing ANY channcl
¢ timed, Iti-channel dti ding (ic. can program VCR 10 record a movie

on channel 5 at 6 p.m., sud then a socond program on channel 26 at 8 p.m.)
» full use of the TV remote contral
o full use of the VCR remose contral

Precludes:
« non-cable commpatible VCRs
Noe: assumes ull channels are nou-scrambled
NECESSARY DROP LEVEL: +SdBmV

(«
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ILLUSTRATION # 13

r——'————' CABLE IN

TWO WAY SPLITTER
T
our VCR
w §
SWITCH
;n':ll'-] )
T TELEVISION
L F CONNECTOR
i VHE
Allows:
o recarding of ANY channel, while viewing ANY channel
¢ tmed, mulu-ch 1 HiY ding (ic. abiity 1o program VCR 10 record a

movic an channel S &t 6 p.o., and then 4 second program on charmel 26 st 8 pm)
 full use of the TV remote control
* {ull use of e VCR remote control

Assumes:
* VCR does not have a bypass or the bypass has high insertion loss
¢ all channcls are non-scrambled
NECESSARY DROP LEVEL: +35 d8aV

ILLUSTRATION # 14

I—————- CABLEIN

CONVERTER 2

TELEVISION 1

TELEVISION 2

Allows:
« rocarding of ANY channel, while viewing SAME channel oo first =t
« viewing of any charmel an the second st

Precludes:
» timed, multi-channel, multievent recording (ie. ability o program VCR 10 record a
movic on channel 5 a1 6 p.m., and then 2 second program on chanmel 26 at 8 pn.)
* channel sclaction by the TV remose conarol
* channel sclection by the VCR remote control
Now: this is the only illustraton for two TV scts; other i can d
two scis by the addition of & two-way splitier at the deop.
NECESSARY DROP LEVEL: +3.5dBmV
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ILLUSTRATION # 15 ILLUSTRATION # 16

CABLE IN
CONVERTER _£ :
ANTENNA D TWO WAY SPUITTER
CABLEIN CONVERTER = MID-UHF CONVERTER
~3
out L]
SWITCH
UNF VHF
- (L)
am VCR
P our
@' © F CONNECTOR MATCHING
VHF TRANSFORMER
TELEVISION
TELEVISION
Allows: Allaws:
« recording of ONLY NON-SCRAMBLED chamnels, while viewing ANY charmel

* recarding of ANY CABLE CHANNEL, while viewing THE SAME CABLE CHANNEL

* recarding of any off-air channel, while viewing any off-sir channel
Also allows (except when using the cogverter):

* tged, multi-charmel, multi-event recording (is. ability o program the VCR to recard
s movie on channel S & § p.m., mnd then ¢ second program on charmel 26 a1 8 p.mu)
« full use of the TV remo control

Also aliows (for OFF-AIR CHANNELS ONLY):

» limed, multi-chaonel, multi-eveta recording (is. abllity w program VCR to record a

movie on channel § at 6 p.m., end then « socond program ar channel 26 at i pm.)

« channcl selection by tho TV mmots control @ full use of the VCR remote control

o channe] selection by the VCR remote contral NOTE: allows for viewing of all charmels an a non-cable ready TV
NECESSARY DROP LEVEL: +3.5dBmV

Precludes (for CABLE CHANNELS):

« timed, mwlti-channe!, multi-cvent recording, use of TV o VOR remotes
NECESSARY DROP LEVEL: 0dBmV
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ILLUSTRATION # 17

MID-UHF CONVERTER

CABLE IN

& F CONNECTOR
VHF

TELEVISION
Allows:
¢ recording of NON-SCRAMBUED channcls, whie viewing ONLY NON-SCRAMBLED
charmels
e tigped, multi-ch 1 H ding (ie. abiity to program VCR to record

mavic an chanzel $ at 6 p.m., and then & second program on charnel 26 m 8 p.m)
o full use of the TV remote contral
o {ull use of by the VCR remow conral
Now: This lusration is useful {f the non-cable compatible VCR has & remoe comtral bur
the TV docsa’t. Dlustration #25 is superior for VCRs with bypass circuitry
NECESSARY DROP LEVEL: +SdBmV

ILLUSTRATION # 18
I—— CABLEIN

= »

D THREE WAY SPUTTER
CONVERTER 2

SR

MID-UHF CONVERTER

L.} St ouT L) ourT N

UHE | (v CONVERTER 1

SWITCH

F CONNECTOR

Allows:

o recording of ANY chamnel, while viewing ANY channel

o tmed, mull-chennel, multi-evemt recarding (ic. ability to program VCR to record 8
movie oo channel § & 6 pm., and then s sccond program on charmel 26 &t 8 pm) of
NON-SCRAMBLED CHANNELS GNLY

Preciudes:

« chanrel selection by the TV remote connol

« chanrel seloction by the VCR semowe controt

Noe: use of converer 1emote contral will sffect both converters simultancously
NECESSARY DROP LEVEL: +7dBmV

e
N
~

A7




ILLUSTRATION # 20

L—-———-—— CABLE IN

FOUR WAY SPLITTER

ILLUSTRATION # 19
i——-——— CABLE IN

THREE waY SPLITTER CONVERTER 1

CONVERTER 1 g
SWITCH
outr M wr W .
CONVERTER 2
SWITCH
SWITCH b VvCR
I W Jour
A AN
Py VCR TELEVISION
= ?m & ¢ connector
TELEVISION VHF
SWITCH
IC® VHF~
MATCHING
TRANSFORMER

Allows: Allgw:
. ing of ANY ct 1, while viewing ANY channcl  recording of ANY chamnel, while viewing ANY channel

Also allows (for NON-SCRAMBLED CHANNELS ONLY):

+ timed, multi-chenne], multi-event recording (ie. ability o program VCR w00 record &
movie o channel § at 6 pan., and then a second program on charmel 26 ot 8 p.n)

« full use of the TV remose contral

« full us of the VCR remote comral

Allows (whea VCR i non-converter, . oo ):
. umei multi-channel, mulxi-eve:y:ca&g {ic. ablity to program VCR to record ¢
mhmdm-linspn_mdm-w;my-mundmnsl%nlpm,)
(NON-SCRAMBLED CHANNELS ONLY)
* chenpel seloction by the TV remote comrol
* chennel seloction by the VCR remoe contral Proctuden
* tmed multi-channcl, multi<vewt recarding, use of TV or VCR remote contol on
SCRAMBLED CHANNELS
Now: canverier's remowe cantrol will affect both converters simultancousty

NECESSARY DROP LEVEL: +7dBmV

lead ch 1ah

(ca ¥
« timed multi-chaane!, multi-cvent recording, us of TV ar VCR @mdcl

Now: use of converter romow control will affect buth convertors simultancously
NECHSSARY OROP LEVEL: +7dhiaV

Preclud
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ILLUSTRATION # 21

I__—— CABLEIN

THREE WAY SPUITTER

CONVERTER 1

QO ouT L]

P

VCR

N ot

SWITCH

|1’:‘1.]Hl'

Allows:
* recarding of ANY channel, while vicwing ANy charmel
o full use of the TV remose contral

Precludes:
¢ timed, multi-channel, mullicvert recarding (ie. sbility 1w program VCR w0 record a
taovie on chanrel § &t 6 p.m., snd then a second program on charmel 26 at 8 p.m.)
« use of TV remome control for SCRAMBLED CHANNELS
« channe] seloction by the VCR remote control
Noe: converter’s remote contral will affect both canverters simultancously
NECESSARY DROP LEVEL: +7dBmV

ILLUSTRATION # 22

S CABLEIN

D FOUR WAY SPUITTER
===

MID-UHF CONVERTER
3

N out ~

CONVERTER 1 CONVERTER 2

SWITCH

& F CONNECTOR
VHF

TELEVISION

Allows:

© recording of ANY channel, while viewng ANY channel

Also allows (for NON-SCRAMBLED CHANNELS ONLY): s
+ tmed, multi-channel, multi-event  recording (ie. sbility to program VCR to record a
movic on channel S &t 6 pan., and then a ‘sccond program on chanpet 26 at 8 p.m.)

o full use of the TV remote contrat

« {ull use of by the VCR remote comral

Precludes:
« timed multi-chammel recording, use of the TV o VCR remote conwal on SCRAMBLED

CHANNELS
Now: canverter's remote contral will affect both canverters simultascously
NECESSARY DROP LEVEL: +7dBmV
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ILLUSTRATION # 23 ILLUSTRATION # 24

—cAsLEw [—— CABLEIN
;ﬁfﬁf ::Y D THREE WAY SPUTTER
CONVERTER =z 177
e [ S
VCR
N ?WT
SWITCH '
?@7 e
6 von | VY
iN T ot T
SWITCH

© £ CONNECTOR
TELEVISION
Allows: Allows:
* recarding of ANY charmel, while viewing A NON-SCRAMBLED channe] « recarding of A NON-SCRAMBLED channel, while viewing ANY charmel
Also allows (for NON-SCRAMBLED CHANNELS ONLY): Also allows (for NON-SCRAMBLED CHANNELS ONLY):
* timed, muliy-ch 1 ding (iLe. can progr VR 1 record & movic on chammel $ < tmod, multi-chanrel recording (ie. sbiity © prognm VYCR 10 record a movie o
at 6 p.m., and then & socond program on chapnel 26 o 8 p.m.) <harmel $ at 6 pan., aad then s second program oo chammel 26 st 8 p.mu}

o full ume of the TV remoe comtral

+ full use of the TV remate conzal
« full use of the VCR resooe contral

« full use of the VCR remoes comral
Precludes:

Precludes:
¢ tmed multi-chame! recarding, uwee of TV or VCR remote conwral for SCRAMBIED o timed multchannel, multi-event recording, us of TV or VCR remote conwud for
CHANNELS SCRAMBLED CHANNELS
NECESSARY DROP LEVEL: +7dBmV « ding of Mied 1

NECESSARY DROP LEVEL: +7dBamV

«
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ILLUSTRATION # 25

MID-UHF CONVERTER

CABLE IN

MATCHING

TRANSFORMER
Allows:
o recording of NON-SCRAMBLED channel, while viewing A NON-SCRAMBLED
chaonel

Also allows (for NON-SCRAMBLED CHANNELS ONLY):
< o timed, Iti-channat It ding (ie. ablity o progama VCR 10 record s
movia an chanoel S ot 6 pan., aod then a second program on chamnel 26 a1 8 p.m.)
« full use of the TV remote coniral
e full um of the VCR remows contral

Prectudas:

. ding of blod channc! while viewing & scrambied channcl

e timod nmlti-channel, cmltievert recording, use of TV or VOR remote coutrol on
SCRAMBLED CHANNELS

NECESSARY DROP LEVEL: +3.5dBmV

ILLUSTRATION # 26

Allows:

* recarding of ANY channel, while viewing A NON-SCRAMBLED charnct

MID-UHF CONVERTER

CABLE IN >

CONVERTER 1

VCR

N L=

] o

F CONNECTOR

TELEVISION

Also allows (for NON-SCRAMBLED CHANNELS ONLY):

¢ Gmed, multi-channel, multievert rocording (ie. ability o program VCR to reord a
movie on channal S at 6 p.m., and then a second program on chamnel 26 1t 8 p.m.)

o full use of the TV remote contral
« full usc of the VCR remons comtrol

Procludes:

¢ timed multi-chanrel, mmlticvemt recording, use of TV or VCR remote control on

SCRAMBLED CHANNELS

-22
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ILLUSTRATION # 27

g—— CABLEIN

Q TWO WAY SPLITTER
S —

SWITCH
CONVERTER
VL
S our VCR =
W TWO WAY SPLITTER

Allows:

« recording of ANY chaunel, while viswing THE SAME charmnel

* rocarding of ANY chammel, whie viewing 8 NON-SCRAMBLED channel
« recarding of & NON-SCRAMBLED channel, whils viswing ANY channel

Also allows (for NON-SCRAMBLED CHANNELS ONLY):

¢ timed, multi-chennsl, multievent recarding (ie, ability w0 program VCR to record a
movie oo channel § & 6 p.m., nd then & seoand program on chaonel 26 &t 8 p.m.)

o full use of the TV rornots contral

o full ume of the VCR remow coatral

Procludes:
* timod Iti-channe] 1 ding, use of TV or YCR remote conwol on
SCRAMBLED CHANNELS

NECESSARY DROP LEVEL: +7dBmV
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Chapter Three-ingress/Egress Discussion
Analysis of Ingress/Egress Issues in the Home:

Ingress and egress can be found at any device between
the cable drop and the viewer, including the TV receiver
itself. Ingress, also known as direct pickup or DPU, can be
defined as any undesirable signal induced on the cable from
an electro-magnetic environment outside the cable system.
Egress is defined as any signal originating within the cable
being radiated to the outside environment from the cable
or any device connected to it.

Ingress

Ingress is not limited to the near proximity of TV
transmitting sites, it has been observed more than 50 miles
from the source of the signal. Sources of ingress can be
many, but high power TV transmitting stations, amateur
radio and private and public safety land mobile radio
operations are the most common sources of ingress. Field
intensities in excess of 1 volt/meter have been recorded
within two miles of TV stations. Cable channels 2-13 and
18-21 are most often affected. Early TV receivers offered
virtually no protection from ingress; this led cable operators
to use converters to overcome the effects of DPU.

More recently, TV receiver manufacturers began offering
“cable-ready” receivers for sale; these are distinguished
by the ability to tune the unique cable channels in the mid
and super bands. While the 300 Ohm twinlead, used
between the antenna terminals and the tuner in earlier
sets, was often replaced by F-fittings and coaxial cable, the
shielding was often not adequate to operate satisfactorily
in most urban environments.

A test to measure the amount of ingress has been
developed. All connections are removed from the device to
be tested. A signal level meter is connected to the input
connector of the device. The level of ingress can be measured
directly on the signal level meter while the tuner on the
device under test is operated over all channels. The highest
level observed should be recorded; the relative impairment
can be determined by taking the ratio of signal on the cable
to the level recorded from the meter. For example, if the
signal from the cable is 0 dBmV and the level recorded from
the meter is -30 dBmV, the Carrier-to-Ingress ratio is 30
dB. If the interfering signal is another TV signal, the
interference should be suppressed at least 45-50 dB; if the
interfering signal occupies a narrow band of frequencies,
such as from a two-way radio, the interference should be
suppressed at least 55-60 dB.

Measurements like those just described have been made
on 1984 and 1985 model TV receivers, VCRs and CATV
converters. The ambient field intensity ranged from 133
mV/m to 1.2 V/m. Ingress on the TV receivers ranged from
-44 dBmV to -2 dBmaV, VCRs ranged from -30 dBmV to -20
dBmV and CATV converters ranged from -46 dBmV to -32
dBmV. In spite of the foregoing, experience has shown
VCRs are more likely to experience ingress as a result of
their poorer shielding integrity. Older receiving equipment,
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especially that employing 300 Ohm twinlead for the ;.
antenna connection, experiences ingress to a much greater W

degree. Levels from nearby transmitters have been recorded
as high as + 350 dBmV on some equipment. FM tuners which
have built-in antennas, or are coupled to the power line for
an antenna. are especially prone to high levels of ingress.
When connected to a cable syvstem. this equipment causes
back-feeding of the signals intv the cable system. The
EIA/NCTA Joint Engineering Committee Interface Work-
ing Group is expected to issue an interim standard which
will increase the field intensity in which TV receiving
equipment is to operate satisfactorily from 100 mV/m to 1
/m.

In some instances, ingress in the home has been so severe
that not only is the affected subscriber’s viewing disrupted,
but signals are back-fed into the cable distribution system.
In these cases, everyone downstream from the affected
subscriber also experiences the effects of ingress. In these
cases, the operator will often try to use a converter as an
isolation device to prevent back-feeding; where this is not
practical, special amplifiers which exhibit good back-front
isolation can be installed in the line to reduce or eliminate
back-feeding.

CATV operators selecting components for installation
between the subscriber tap and the TV receiver should take
care to select products with adequate protection from the
effects of ingress. In addition to the usual care in choosing
cable and connectors, the operator should also take care in
selecting A-B switches, two-way splitters, VCR switch units
and converters.

Ingress can occur from standard broadcast radio stations
operating in the 550-1620 Khz band. This ingress can be
exacerbated when CATV distribution and drop cable
shields act like long wire antennas increasing signal
intensity at the connected devices. Interference has been
observed in both TV sets and VCRs. Although this type of
interference is hard to eliminate, its effects can be
minimized by good local grounds at the affected equipment.

Egress

Egress can result from inadequate shielding, either from
equipment provided by the cable operator or from subscriber-
owned equipment. In general. emissions from CATV
systems must be limited to 20 uV/m at three meters. Any
operator using channels in the aeronautical bands (108-137
MHz and 225-400 MHz) is required to monitor all portions
of the cable system annually: any egress in excess of 20
wV/m must be identified and corrected. Under certain
conditions and after 1990, operators must monitor all
portions of the system on a quarterly basis.

The FCC Rules assign responsibility for egress from cable
systems and subscriber-owned equipment connected to it
as follows:

76.617 Responsibility for receiver-generated inter-
ference

Interference generated by a radio or television
receiver shall be the responsibility of the receiver
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operator in accordance with the provisions of Part
15, Subpart C, of this chapter: Provided, however.
that the operator of a cable television system to
which the receiver is connected shall be responsible
for the suppression of receiver-generated inter-
ference that is distributed by the system when the
interfering signals are introduced inte the system
at the receiver.

Even though the subscriber might be responsible for
correcting problems with subscriber-owned equipment, the
cable operator is faced with the often difficult task of
isolating the source of egress. If the cause of the egress is
inadequate shielding in a TV receiver or VCR, the owner
is often precluded from using the equipment as it was
intended; e.g. a “cable-ready” TV receiver or VCR that
cannot be connected directly to the cable. Generally, as
ambient signal levels increase, ingress will become a
problem before egress will. This is true because taps and
splitters used by the cable industry have inherent isolation,
usually at least 20 dB. Therefore, DPU will become visible
on a customer’s TV set before it gets high enough to affect
the neighbors. Systems will sometimes provide converters
to some but not all subscribers. Those subscriber’s TV sets
not using a converter are usually connected directly to the
cable. In cases where shielding in the TV sets is poor, cable
signals radiated by the TV receivers can and do cause
interference to licensed radio services such as amateur
radio operators, fire, police and forestry services. CATV
maintenance personnel need to be especially vigilant to find
and control or eliminate this type of egress. If necessary,
the offending drop should be disconnected until the egress
can be eliminated.

It should be apparent many people are affected by ingress
and egress; the cable operator experiences increased
operating costs and deteriorated signal quality. If the
offending equipment is relatively” new, the dealer often
experiences the wrath of a dissatisfied customer. The
biggest loser of all is the cable customer who suffers from
impaired service, often after paying a premium for special
“cable-ready” equipment. If the cooperative efforts of the
EIA and NCTA are successful, designers of new equipment
will be cognizant of the cable environment and include
shielding to make their products immune to the effects of
the electro-magnetic environment.

Following, on the next page, is a document which is
suitable for use by field personnel who are faced with
problem solving when equipment is connected directly to
the CATV system. A complete treatment of all problems
encountered would be voluminous, so this will only serve
as a guide. It does not treat every possible situation which
might be encountered.

Technical Guidelines for Direct Connection to Customer
Owned Equipment:
Introduction

Surveys have shown the number of cable-ready television
sets have increased exponentially in recent years; we
estimate about one-third of our customers now own a
receiver capalle to tuning most or all of our non-scrambled
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channels. These sets are selling at a rate of 10 million per
vear. So we expect the number of customers desiring to
connect directly to the cable will increase substantially in
the next few years. Concurrently, the number of VCRs sold
has increased remarkably. CATV converters and converter/
descramblers are a barrier to using the features of these
consumer devices. We desire to accommodate and aid our
customers in using their own equipment to tune CATV
channels whenever possible; at the same time the CATV
operator can reduce his investment in owning and main-
taining converters. ,

However, in accommodating direct connections to th
cable we must establish policies and procedures to protect
the quality of the service we provide. These guidelines are
intended to protect the customer and the CATV network
from service problems and picture impairment which could
be caused by the direct connection of inadequately shielded
equipment.

While a converter/descrambler or a descrambler will
continue to be necessary for anyone receiving scrambled
signals, use of plain converters can be reduced and perhaps
eliminated in the future. Based on survey data, we believe
one-third of our basic customers may not require a converter
to receive our service.

Unfortunately, only a few of the cable-ready television
receivers and VCRs are completely satisfactory for direct
connection to the cable system. While more present day
consumer products designated as “cable-ready” can tune
most or all CATV channels, few, if any, have adequate
shielding for signal ingress and egress. Egress can result
in re-radiation of CATV signals in excess of FCC limits.
(Section II, chapter one contains definitions and a general
discussion of these mechanisms.)

The most common problem results from signals from
television stations and mobile radios entering the equip-
ment and disrupting customer viewing. The phenomenon
is known as ingress or Direct Pick Up (DPU). Disruption
can take two forms: echoes and other interference and/or
beats in the connected television set or VCR. This can have
an impact on the owner of the equipment. The more
disturbing effects occur when DPU is so intense so as to
feed DPU back into the cable system from poorly shielded
equipment. Not only can this impair reception for the
equipment owner, but for every other customer downstream
from that location. Diagnosis and elimination of this “back
fed” DPU can be very difficult and time consuming,
especially if there is more than one location where DPU is
being introduced on the system.

It is the purpose of these guidelines to establish
procedures to prevent DPU from impairing the viewing for
the customer where the direct connection is made, and to
prevent DPU from direct connections from back feeding
into the cable system.

Many of these situations already exist and the number
can be expected to increase as sales of cable compatible
television receivers and VCRs continue.

installation and Maintenance of Basic Service

A. [dentification and Prevention of Back Feeding



(1) Discussion
Most CATV passive devices have at least 20 dB isolation between any two ports; this is depicted on Figures 1 and 2

CATY DISTRIBUTION
SIGNAL ¥ +20 d8mV WMiN

OPU = 45 dBmV
SIGNAL/DPU = 85 dB

IV
\_J
/

>

\— 150 220 ¢8 /

- 1SO 220dB

CATV TAP
SIGNAL™ »13 dBmV

OPU = 4S5 dBmV
SIGNAL/OPU S8 d8

DPU = -25 dBmV

TV SET OR VCAR

ACLRE )

TYPICAL TAP ISOLATION

SIGNAL = 0d8mV MIN
DPU = -45 dBmV

SIGNAL/DPU = 45dB

)

U/ ,
DPU = -25 dBmV \

1SO 2 20 dB8 MIN

TV OR VCR 2ND TV OR VCR

FICURE 2
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DPU from television stations, which is manifested as a
sync bar or echo in the picture, should be suppressed at least
45-50 dB if DPU is not to produce visible echoing. If the
passive components provide a minimum of 20 dB isolation,
then DPU levels from television sets and VCRs should be
less than -25 dBmV. This assumes drop levels are 0 dBmV.
Beats caused by other services such as land mobile radios
and television stations off frequency from cable channels
should be suppressed 50-55 dB if they are not to cause
visible beats in the picture. In these cases, levels at receiver
and VCR connectors must be less than -30 to -35 dBmV if
they are not to cause harmful back feeding.

When DPU at the antenna terminals exceeds the limit,
a converter or isolation amplifier is needed to reduce the
amplitude of the DPU signal back fed into the CATV
system. The amplifier has modest forward gain (approxi-
mately 10 dB), but has at least 45 dB attenuation from the
output port to the input port. It should be understood, the
isolation amplifier only protects the CATV network from
back feeding, it will have minimal or no effect in reducing
echoing in the receiver or VCR; if echoing is present as a
result of DPU in the VCR or receiver, only a converter will
eliminate the phenomenon.

CATV DISTRIBUTION
SIGNAL? +20 dBmV MIN
DPU = -50 dBmV
SIGNALOPU 70dB

_{>\,

CATV TAP
SIGNAL :+13 dBmV
OPU = -50 dBmV
SIGNAL/DPU 638dB

| /

GAIN =0-10dB

\— 1SO 220 d8

O._

-— |SO 220d8B —/

DPU > -30 dBmV

CONVERTER,
ISO AMP, OR
BAND PASS FILTER

ISO 50 dB

T DPU = + 20 dBmV

TV SET
VCR
FM RADIO

FIGURE 3

ISOLATION AMPLIFIER OR CONVERTER FOR ISOLATION

-27



